Background: Video capsule endoscopy (VCE) is a noninvasive imaging modality that can identify mucosal lesions not detected with traditional endoscopy or abdominal sonography. In people, VCE is used in diagnostic and management protocols of various gastrointestinal (GI) disorders, particularly in GI bleeding of obscure origin or unexplained iron deficiency anemia (IDA).
| INTRODUCTION
Video capsule endoscopy (VCE) is a minimally invasive imaging modality used in human and veterinary medicine in the diagnosis of various upper and lower gastrointestinal (GI) disorders. 1 In people, VCE remains a useful modality in the diagnosis of both obscure GI bleeding (OGIB) and unexplained iron deficiency anemia (IDA) when upper and lower GI conventional endoscopy have failed to identify a cause of GI bleeding. [2] [3] [4] [5] Prognosis of small bowel disease, particularly those resulting in OGIB, is enhanced by VCE more so than by conventional diagnostic modalities such as radiology, conventional endoscopy, ultrasound, or computerized tomography (CT) imaging, with double-balloon enteroscopy having equal sensitivity in identification of such lesions. [6] [7] [8] [9] [10] [11] [12] [13] In veterinary medicine, VCE has been used to evaluate GI transit time (TT), to evaluate anthelmintic efficacy, and to identify abnormal mucosal lesions in the GI tract of dogs with GI hemorrhage. [14] [15] [16] [17] [18] More specifically, VCE identified mucosal bleeding, erosions, a gastric mass, intestinal parasites, and healing duodenal ulcers in the stomach and small intestines of dogs with GI hemorrhage. These lesions were considered a significant source of hemorrhage in 4 of 7 dogs with active bleeding, although the importance of gastric erosions to blood loss was unclear. 14 Microcytosis associated with GI bleeding is a direct consequence of iron deficiency, with or without evidence of hyposideremia, 19 anemia, or other pathophysiological conditions, such as chronic liver disease (portosystemic shunts), lead poisoning, or copper deficiency. [20] [21] [22] [23] Microcytosis is well characterized in specific canine breeds, including the Akita and Shiba Inu. 23 Microcytosis due to iron deficiency in a mature dog or cat is most commonly a result of chronic blood loss due to chronic hematuria, chronic GI bleeding, portal vein hypertension, or severe flea infestation. [24] [25] [26] The most common causes of chronic GI bleeding are vascular or inflammatory lesions and tumors, which might be difficult to diagnose, particularly in the mid-to distal small intestines, with conventional diagnostic modalities such as ultrasonography, CT, and bidirectional endoscopy. [6] [7] [8] In people with OGIB, VCE is superior to push enteroscopy and small bowel barium radiography in identifying lesions in the small bowel. VCE identified 63% of vascular and inflammatory small bowel lesions as compared to 28% via push enteroscopy. Video capsule endoscopy detected 42% of small bowel lesions compared to 6% with small bowel barium radiography. 6 In dogs, the sensitivity and specificity for detection of small bowel lesions was 64% and 92% for VCE and 37% and 97% for push enteroscopy, respectively. 9 As VCE has the ability to examine the entire GI tract, this could provide a useful imaging modality to explore the most common causes of microcytosis or GI hemorrhage in dogs when other diagnostic tests have failed to identify such lesions. This study evaluated the utility of VCE as a noninvasive diagnostic tool for the identification of GI lesions in dogs with microcytosis or low-normal mean corpuscular volume (MCV) or clinical GI bleeding. 
| MATERIALS AND METHODS

| Criteria for selection of cases
| RESULTS
Medical records of 16 client-owned dogs that underwent VCE for further investigation of microcytosis, a low-normal MCV, or evidence of GI hemorrhage were retrospectively evaluated. The median age of dogs was 8.7 years (range, 8 months to 15 years) with a median body weight of 21.7 kg (range, 6.9-62.5 kg). A mix of sex (8 female spayed, 1 female intact, 6 male castrated, 1 unknown) was included, and the following breeds were represented: mixed-breed dogs (4), Boston Terrier (2), Golden Retriever (1), Samoyed (1), Great Pyrenees (1), Cocker Spaniel (1), Schipperke (1), Whippet (1), German Shepherd (1), Gordon Setter (1), Shetland Sheepdog (1), and Bernese Mountain dog (1) . Data for the 16 cases are summarized in Table S1 .
Abnormal clinical signs were reported in 15 of 16 dogs (1 unknown) consisting of diarrhea (7) , weight loss (7), vomiting (6), hyporexia (5), melena (5), hematochezia (2), pica (1), hematemesis (1), and regurgitation (1) . Figure 1F ). Lesions were present in the mid-jejunum in 6 of 12 (50%) dogs, representing ulcers or erosions (3, Figure 1D ), irregular mucosa (3), active hemorrhage from an ulcer (1), multiple mass-like effects (1, Figure 1A ), and dilated lacteals (2, Figure 1C ).
The distal jejunum and ileum revealed irregular mucosa (3) The present study demonstrated marked variation in esophageal TT, gastric TT, and small intestinal TT, comparable to a recent study revealing no significant relationship between gastroenteropathy and GI motility in dogs that underwent CE, 14 as well as a study comparing GI motility in healthy dogs. 29 The capsule traversed the length of the GI tract in all but 2 dogs, for which the capsule remained in the stomach for the duration of the study. The abnormal findings in these 2 dogs included severe gastric erosions and numerous pinpoint to large gastric ulcerations, respectively. Capsule retention has been previously documented in the dog, and a similar VCE study in dogs documented capsule retention in 3 of 8 dogs (37.5%) resulting in an incomplete study. 14 history of melena had a focal gastric erosion visualized on VCE, as well as marked SIT mucosal irregularity and pinpoint erosions throughout the SIT. As VCE's ability to detect 3D-captured images can only detect lesions on the mucosal surface, it is therefore unable to identify the depth to which a lesion is present and might be poorly correlated to the severity of an identified lesion.
No adverse effects or complications of the present VCE study were noted, with the exception of 2 dogs that had gastric capsule retention. High-quality images were obtained in the stomach, small intestines, and proximal portion of the colon, detailing abnormal findings as erosions or ulcerations with or without hemorrhage, irregular mucosa, polypoid lesions, a gastric mass, a duodenal mass, and a jejunal mass. Video capsule endoscopy shows promise as a diagnostic modality for the assessment of GI lesions in dogs with microcytosis with or without OGIB with otherwise normal diagnostic imaging.
Video capsule endoscopy represents a complementary tool to conventional endoscopy, particularly in dogs with small intestinal lesions that are beyond the reach of conventional endoscopy. Conventional endoscopy has the additional benefit of sample collection for histopathology, and, as the majority of lesions would have been identified by this technique, VCE could be most useful when conventional endoscopy has already been performed with negative findings as in human medicine.
